hemical bums in the eye can result in worker pain and discomfort. years of corrective therapy, decreased visual acuity. and even blindness. Significant changes in the worker's cosmetic appearance can also occur. The majority of ocular bums are related to accidents at work, most often chemical splashes and sprays.
BACKGROUND
Ocular bums account for 7% to 10% of eye trauma presenting to emergency departments. A majority of ocular bums are related to accidents at work (Swisher, 1997) . The ocular injury of greatest emergency is surface assault with chemicals (Fogle. 1983) . Chemical injuries make up 84% of this type of ocular bum (Swisher. 1997) .
Acute ocular chemical injuries require emergent recognition and management. The nurse in the workplace will be called on to plan for and respond to these exposures. With chemical exposures to the eye. the most important care which can be given is immediate copious ocular irrigation (Swisher. 1997) . This treatment begins at the site of the accident and provides the greatest opportunity to reduce damage from surface exposure to chemicals. "The speed with which the eye is irrigated at the MOHN JOURNAL scene of the accident remains the most critical therapeutic consideration regarding long term prognosis" (Chernow, 1992) . Another vital role of the nurse is that of prevention and health education. It has been estimated that 90% of chemical eye injuries are avoidable (Swisher, 1997) . The nurse in the workplace is in an ideal position to teach about the hazards of chemicals in use at the worksite, stress the importance of wearing safety glasses or goggles appropriately, and ensure that proper showers and emergency supplies are in place. Up to date information about the chemicals used should be readily available in the workplace, not only in the health services office but also within the area in which the chemicals are used.
ANATOMY AND PHYSIOLOGY
The anatomy of the anterior eye is illustrated in the Figure. The eyeball has three layers: the protective external layer (cornea and sclera), the middle layer (which contains the choroid, iris, and ciliary body), and the light sensitive internal layer containing the retina.
Chemical exposures of the eye primarily affect the external (anterior) layer of the eye. The anterior covering of the eye is the cornea. The cornea is normally transparent, allowing light to enter the eye. The cornea has no blood vessels. It receives nutrition from the aqueous humor and oxygen by diffusion from the air and surrounding structures. The cornea consists of an epithelial layer, a cellular structure or stroma, and an endothelial layer. The epithelium is five to six cells in thickness and protects the stroma of the cornea. Tight junctions of the epithelial cells serve as a barrier to water soluble compounds and ions. However, lipid soluble compounds such as organophosphate insecticides and organic solvents such as toluene, acetone, and ethyl alcohol, pass readily though the epithelium because the epithelial cell membranes are composed of lipoproteins. Damaged epithelium allows water soluble compounds to pass readily. The endothelium consists of a single layer of cells and does not regenerate in adults. The stroma of the cornea comprises 90% of the corneal thickness and, in contrast to the intact epithelium, is permeable to water soluble compounds. If destroyed, scarring and irregularities occur (Chernow, 1992; McKenry, 1995) . The cornea is supplied with 60 to 80 sensory fibers that elicit pain whenever the corneal epithelium is damaged. An abraded cornea is susceptible to infection. Seriously injured corneal tissue is replaced by scar tissue which usually is not transparent. Symptoms of chemical exposures to the eye include: • Burning pain, • Blurred vision, • Tearing, • Decreased visual acuity, • Exudates, • Erythema, and • Edema of eyes and surrounding tissue (Reed, 1997) .
SPECIFIC CHEMICALS
The eye is susceptible to damage from contact with many chemicals. Splash injures represent the most common cause of chemical ocular accidents (Chernow, 1992) . The effect of any chemical on the eye depends on the inherent properties of the agent, the amount, concentration and pH of the agent and the duration of exposure. Because similar chemicals tend to produce similar reactions, they can be conveniently grouped for discussion into acids, alkalis, and others (Goldfrank, 1994) .
Severe ocular injuries generally result from exposure to acids or alkalis.
Acids
Fortunately, weak acids (pH <4) do not penetrate the cornea well. Acid bums cause protein coagulation in the corneal epithelium which limits the penetration into the tissue. Thus, these bums are usually nonprogressive and superficial (hydrofluoric acid is an exception). With an intact cornea, severe ocular damage does not occur if the pH of the acid is >2.5 (Chernow, 1992) . The dehydrating effect of some acids, the heat of hydration, and the affinity of each anion for corneal tissues affect the extent of injury (Goldfrank, 1994) . Intense pain usually results from stimulation of exposed nerve endings in the corneal epithelium. Strong acids can penetrate and damage deeper corneal tissue and lead to more serious sequella, such as those often seen after alkali bums. Prolonged exposure to weaker acids may result in significant extension of the injury, requiring immediate mandatory irrigation. Some common acid exposures to the eye are described in Table 1 .
Hydrofluoric Acid
Hydrofluoric acid (HF) is a unique substance able to produce severe ocular and dermal injury as well as life threatening toxicity with minimal external tissue damage (Goldfrank, 1994) . Hydrofluoric acid is a common agent found extensively in industry. Some of its uses include glass etching, semi conductor manufacturing, rust removal, dyes, plastics, germicides, tanning solvents, fireproofing, pottery glazing, and photography. It also is used as a laboratory reagent.
The unique toxicity of HF is due to the fluoride ion's ability to bind quickly with calcium and magnesium in the body even when present in exceedingly small concentrations. It is able to rapidly penetrate skin and other tissues. Once this is accomplished, HF slowly dissociates. The fluoride ion then proceeds to affect tissue integrity and metabolism in three ways: • Liquefaction necrosis, • Decalcification and destruction of bone, and • Production of the insoluble salts, calcium fluoride, and magnesium fluoride. Fluoride can hold an electron stronger than any other ion. Thus, these effects have the potential to disrupt all metabolic pathways and may result in systemic acidosis, hyperkalemia, hypocalcemia, and hypomagnesemia.
Ocular exposure to HF produces rapid pain, conjunctival injection, corneal ulceration, and can frequently 82 result in permanent visual defects. Dermal HF exposure is the most common industrial exposure. The skin around the eyes may appear as if it is mildly erythematous or it may appear normal. However, as cellular ischemia and necrosis progress the tissues become blanched and vesiculations develop. If the skin around the eyes is involved, ocular damage also may be present. With less concentrated solutions the time course is delayed and the worker may not begin to experience pain for 12 hours or more after exposure (Goldfrank, 1994) . Appropriate initial management helps to limit damage. Immediate decontamination by irrigation is essential. Topical calcium (calcium chloride/gluconate) such as calcium gluconate gel is applied to the dermal area. All affected workers should be transported to a health care facility for further evaluation and treatment. It is essential to monitor serum calcium levels. Systemic hypocalcemia is always a possibility with dermal exposure to HE Death has been reported from burns to as little as 2.5% of body surface area (Goldfrank, 1994) .
Alkalis
Alkali burns of the eye represent a true ophthalmic emergency. In a minor alkali burn, injury may be limited to destruction of corneal epithelium, causing a lesion similar to a corneal abrasion. Severe injury occurs when the amount is large or the concentration high, if the agent is a strong base (pH> 11.5), has a tendency to penetrate, or if the exposure is prolonged. Alkaline substances react with cell membranes to cause saponification and lysis resulting in rapid epithelial destruction and allowing additional alkaline to penetrate and damage the corneal stroma, as well as structures of the anterior chamber (Chernow, 1992) . Alkali substances can pass into the anterior chamber rapidly (approximately 5 to 15 minutes) allowing further damage to occur to the iris, lens, and other ocular structures. Paradoxically, more extensive burns may be less painful, due to destruction of corneal nerve endings and resultant anesthesia. Stromal and endothelial injuries often impair the ability of the cornea to regenerate later.
In addition to these direct effects, further injury results from the inflammatory response to the initial injury. Aqueous humor is the fluid between the cornea and lens, filling both the anterior and posterior chambers. In ocular inflammatory response there is dysfunction of the normal blood-aqueous humor barrier, resulting in exudation of protein and inflammatory cells into the anterior chamber. This leads to a severe fibrinous reaction. Fibrosis can lead to permanent angle closure and glaucoma. The initial ocular examination may not reveal the full extent of injury, which may not be evident for 48 to 72 hours (Goldfrank, 1994) . In the ensuing days to weeks, the balance between degradation of injured tissue and reconstruction and reepithelialization determines the outcome. After severe bums, normal repair is rare and extensive scarring is common (see Table 2 ).
Other Chemical Exposures
Hydrocarbons used as solvents frequently cause immediate ocular discomfort with limited corneal damage (Chernow, 1992) . "Most solvents cause immediate pain and superficial injury due to dissolution of corneal epithelial fat, but do not penetrate or react significantly FEBRUARY 1999, VOL. 47, NO.2 with deeper tissue" (Goldfrank 1994) . Many gases and vapors induce a lacrimatory or tearing response and may or may not react chemically and lead to ocular damage. Lacrimators such as pepper spray or chloracetophenone, a commonly used tear gas, stimulate corneal nerve endings and cause pain, burning, and tearing. However, they produce no structural injury at low concentrations. Detergents and surfactants cause variable injury, ranging from minor irritation from soaps to extensive injury from cationic agents such as concentrated benzalkonium chloride found in industrial strength detergents. Fortunately, most agents do not penetrate the cornea. Ocular exposures to cyanoacrylate adhesives (e.g., Super Glue) commonly result in rapid adherence between upper and lower eyelids that may persist for days. The hardened glue may cause corneal abrasions such as those with other foreign bodies in the eye, but otherwise they are relatively harmless. For specific exposures the nurse can refer to the respective Material Safety Data Sheet (MSDS), and contact the Regional Poison Center (see Table 3 ).
ASSESSMENT ANDTREATMENT
The history of the ocular bum is usually obvious and straightforward. Chemical injuries usually result from a substance being sprayed or splashed in the face. Workers readily give this history. The nurse quickly assesses for other potential life threatening injuries, removes them from contact with the offending agent, and then begins irrigating with copious amounts of water or normal saline (Reed, 1997) .
Timeso outweighs other considerations that the most accessible and plentiful isotonic irrigant (i.e. normal (Fogle, 1983) .
The nurse can determine the chemical etiology once irrigation is under way by consulting the MSDS or calling the Regional Poison Center for further information about a particular chemical. Adequate eye washes and showers should be standard equipment in the workplace (Chernow, 1992) . According to the American Association of Occupational Health Nurse's core curriculum text (Reed, 1997) , the following equipment and supplies could be used (per appropriate scope of practice and protocols) in an eye tray for evaluating and treating most worksite eye injuries: 
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• Properacaine 0.5% or tetracaine 0.5% ophthalmic solution, and • Eye patches and eye patch holders with wraparound head bandage.
Irrigation
The literature is clear that the initial approach to all ocular chemical exposures should be immediate decontamination by irrigation, using copious amounts of the most immediately available safe aqueous solution.
As delays of even seconds can dramatically affect outcome there is no justification for waiting for another solution if water is the first available agent. Although much has been written about ideal irrigating agents and specific antidotes, it is clear that simple dilution and mechanical removal by immediate, copious irrigation with water or other safe aqueous solutions (normal saline pH 4.5-7, lactated Ringer's solution pH 6-7.5, or balanced salt solution-isotonic) is always appropriate (Goldfrank, 1994) .
Some theoretical discussion has occurred about the appropriate irrigation solution for agents such as white or yellow phosphorus that react in the presence of water and release heat. It is believed that irrigation with large amounts of water probably dissipates the heat released by the chemical reaction so as to be an appropriate solution for irrigation, even in these cases (Goldfrank, 1994) . "There is probably no toxic ocular exposure for which standard aqueous solutions are contraindicated" (Goldfrank, 1994) .
Irrigation is intended to accomplish at least four objectives:
• Immediate dilution of the offending agent; • Removal of the agent; • Removal of any foreign body, and in some cases, • Normalization of anterior chamber pH.
The duration of the irrigation depends on the exposure. Basic guidelines are included in the following discussion.
Agents that are not chemically reactive, such as alcohols, ketones, gasoline, solvents and chlorinated hydrocarbons, generally do not penetrate deeper than the superficial cornea and require only brief irrigation 05-20 minutes). One liter of saline solution or water is usually sufficient (Chernow, 1992) . Poison center specialists generally recommend the following protocol for eye exposures to irritants and agents such as those mentioned above: irrigation with running tepid water, opening eyes or blinking with the flow of water as much as is tolerable for 15 to 20 minutes. The worker is advised not to use drops or other chemicals in the eyes, rather to rest the eyes by covering them with a cool compress and resting for 20 minutes. If symptoms persist after an hour (burning, impaired vision, etc.) consultation with an ophthalmologist or referral to a health care facility is recommended. The rest period is very important. Even irrigation is irritating to the eyes and the assessment is best performed after recovery from the irrigation (Thomas, 1998) . Haddad (983) listed these essentials of irrigation: • Large fluid volume (sink, shower), • Low pressure (poured, slow flow from faucet or hose), • Long time (20 minutes), and • Look for foreign objects (contact lens, concretions).
After exposure to acids and alkalis, normalization of the conjunctival pH is suggested as a useful endpoint. A pH of 8 is near the normal pH of the conjunctival cul de sac. Waiting for an interval of several minutes 00 minutes) between irrigation and the touching of the cul de sac with pH sensitive paper is advised to assure washout of any residual irrigant. Effective irrigation includes lid retraction and eversion of the upper lid. A lid retractor might be necessary. A topical anesthetic might aid the client's tolerance during the irrigation. For normalization FEBRUARY 1999.VOL. 47. NO.2 of the conjunctival pH, the nurse can irrigate with a minimum of 2 L of isotonic solution, wait 10 minutes, and then check the pH. This cycle should be repeated until the pH is 7.5-8. This routine is adequate for acids and minor alkali exposures.
With alkaline bums or serious exposure, irrigation may need to be continued 2 hours after surface pH is 8 to insure the pH of the anterior chamber is corrected (Goldfrank, 1994) . Irrigation needs to be continued in transport to a health care facility for all significant ocular exposures. An intravenous solution of normal saline or Ringer's lactate may be used for irrigating the eye using regular intravenous tubing connected to a liter of fluid. In cases of serious exposure the absence of ocular symptoms cannot be relied upon because many agents cause lack of ocular sensation. The container of the agent or chemical, or at least the name and MSDS, should also be brought with the worker to the health care facility. If the chemical or substance is unknown, it must be assumed to be as potentially harmful to the eye as an alkali until proven otherwise. "All patients with alkali injuries to the face must be evaluated for tracheal and esophageal bums as these may be life threatening" (Chernow, 1992) . One technique to facilitate prolonged irrigation is to use a scleral lens with an inflow channel called a Morgan Therapeutic Lens. Any foreign material should be removed using a moist cotton swab (Chernow, 1992) .
TREATMENT· HEALTH CARE FACILITY
After irrigation has been completed and the eyes have been allowed to rest, the client's visual acuity can be tested. This can be done with a hand held vision screener such as a Jaegar chart. An inspection of the eye follows. A fluorescein exam can be done in a well equipped health services office (as long as state nurse licensure laws and appropriate protocols allow) or in the emergency department. This exam is performed as follows: • Sterile fluorescein strip is touched to the internal lower lid (fluorescein spreads across the eye); • Have the client blink several times; • Examine the eye under ultraviolet light; • Defects/abrasions in the conjunctival layer stain bright green. Severe corneal abrasions can lead to corneal erosion if not properly treated within 24 hours postinjury.
Referral can be made to an appropriate provider for antibiotic treatment (Salazar, 1997) . Ifcomal perforation is suspected, fluorescein exam is contraindicated. fluorescein exam demonstrates corneal epithelial defects but not depth of the bum, corneal edema, or anterior chamber involvement. Thus, a slit lamp exam must be performed.
The client's tetanus toxoid prophylaxis needs to be updated if not current, and eye patches and systemic analgesics may be indicated to improve client comfort. It should be explained to the client that the patch is not to exclude light, but to minimize lid movement, a disturbance to healing. It is important to note that topical ophthalmic anesthetic agents are not to be dispensed for the treated client because these agents can directly lead to further corneal disruption by their chemical effects and by eliminating corneal reflex protective sensation (Goldfrank, 1994) . A referral to an ophthalmologist should be considered for all but the most trivial injuries (Chernow, 1992) . The consulting ophthalmologist plans the client's subsequent care, including further medical and surgical interventions and attempts to repair any permanent damage. Ellenbom (1997) described the severity of local effects on the eye as: • Minor irritation, redness, lacrimation, mild edema, • Moderate to intense irritation, and/or comical abrasion, and • Severe corneal ulcers, perforation and/or permanent damage.
PROGNOSIS AND OUTCOME
Eye injuries have also been assigned grades according to damage of structures and prognosis (Chernow, 1992) : • Grade 1 -only corneal epithelial loss; no conjunctival ischemia and a good prognosis. • Grade 2 -some corneal edema and haze; conjunctival ischemia affects less than one third of the limbus; may be some scarring.
• Grade 3 -cornea has significant haziness; less than one half limbal ischemia; prognosis is variable, however, the vision most likely will be impaired. • Grade 4 -cornea is opaque and the limbal ischemia is greater than one half the limbus; prognosis is poor; globe perforation is possible (Swisher, 1997) .
For the worker with a chemical exposure to the eye, the major concern is final visual acuity and cosmetic appearance. Chemical burns can be especially serious if bilateral, and result in blindness. Other ocular complications with severe chemical burns include: glaucoma, corneal perforation, cataracts, scarring of the cornea, cul de sac, conjunctive, and eyelids (Swisher, 1997) . Corrective surgery may be required for more severe burns. In 1995, almost one third of corneal transplants were for eyes that sustained chemical insults (Swisher, 1997) . Severe eye damage can occur in seconds. Immediate irrigation may prevent years of corrective therapy or blindness (Chernow, 1992) .
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CONCLUSIONS
The majority of ocular bums are related to accidents at work. It has been estimated that 90% of chemical eye injuries are avoidable (Swisher, 1997) . Immediate irrigation at the scene of the accident remains the most critical therapeutic consideration related to the worker's long term prognosis. The nurse in the workplace is key to the protection and promotion of workers' ocular health within the context of a safe and healthy work environment. Workplace nurses manage occupational injuries such as ocular chemical exposures However, their role is much more comprehensive. Within the context of coordinating and delivering quality, effective health services, the nurse must complete a health hazard assessment and surveillance of the worker population and workplace, as well as investigate, monitor, and analyze illness and injury episodes and trends. These actions reveal the need for protection programs to prevent dangerous exposures. Compliance with regulations and laws governing safety and health for workers and the work environment also can help to identify areas that may require specific educational and safety regulations (AAOHN, 1994) .
For the management and prevention of ocular chemical exposures in the workplace the nurse can: • Assure adequate eye washes and shower stations are standard equipment in places in which chemicals are used. Some workplaces and laboratories supply small squirt bottles of irrigant, clipped to a wall mount for emergency eye treatment. These are inadequate for all but the most trivial insults. Showers with large pull rings or commodious sinks must be provided where there is genuine risk (Haddad, 1983) . • Provide for protective eye equipment such as safety glasses. Anyone at risk must wear eye protection whenever they are around chemicals that could splash. • Insure the availability of MSDS sheets and appropriate, comprehensive information sources related to chemicals used in the workplace. The phone number of the regional poison center should be easily seen at each phone.
• Insure chemicals are stored properly and in appropriate, clearly labeled containers. Workers need to be informed about the hazards involved with the chemicals they are using, including the expected effects of ocular exposure. The use of protective equipment to minimize worker risk is emphasized to workers and their supervisors.
• The nurse can also teach workers the immediate need for irrigation if an eye exposure occurs, and review and practice the quickest way to begin the irrigation. Persons working outdoors should irrigate with hoses, spigots, or whatever is available to flush the eyes.
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IN SUMMARY
The majority of ocular burns are related to accidents at work. Acute ocular chemical injuries require emergent recognition and management.
Copious irrigation of the eye, done immediately at the scene, is the most important factor in the long term prognosis of ocular chemical burns.
After irrigation has been completed and the eyes have been allowed to rest, visual acuity can be tested and referrals can be made to health care facilities and an ophthalmologist.
The nurse conducts health hazard assessments of the workplace, provides information about workplace chemicals and their risks, and ensures proper safety protective equipment and emergency supplies, Practicing emergency procedures such as irrigation is important.
The nurse monitors and analyzes injury exposure episodes and trends, along with coordinating referrals, treatments, and follow up care for workers with ocular chemical burns.
